Abstract. The effect of the industrial wastes, discharged by the fertilizer and paper plants, on the nutrient contents and other physicochemical conditions of Shatt Al-Arab River waters has been presented. The effect of these waters on the growth of Chlorella sp. has been studied.
Introduction
Investigations on physical, chemical and biological of the rivers are important to give baseline data for further work, and to evaluate the water quality for irrigation, fish culture and potable usage (Al-Asadi, 1991) .
The effect of industrial wastes on those properties of natural waters is one of the most serious problems of water pollution (Olsson, et. al., 1995) . Such wastes may change the character of an aquatic environment. One of these effects is the fertilizing effect of some wastes, which encourages the growth of plankton, algae and higher plants (Rounsfell & Everhart, 1953 and Al-Nashi, 2002) . This may be due to the broken down of untreated wastes by bacterial activities to simple compounds such as nitrate, sulfate and phosphate. According to Bennet (1970) excessive phosphate and nitrates may stimulate algal blooms.
Shatt Al-Arab River suffers from the industrial wastes discharged by the fertilizer and paper plants factories, which may alter the quality of its water and aquatic life. Some limited studies on the physico-chemical features of Shatt AlArab were carried out; (Mohammad, 1965; Arndt & Al-Saadi, 1975; Salman & Faris, 1977; Al-Hello and Al-Obaidy, 1997 and Atte, 2004) . Al-Imarah et al. (2001) studied monthly variations of nutrients and chlorophyll of Shatt Al-Arab River water at three stations and found that nitrate and nitrite have been decreased in winter and increased in summer, while phosphate showed decline during May 1998. Abdulla & Rajab (1998) worked on Chlorella vulgaris Beijerinck, isolated from Shatt Al-Arab River, and Kasim (1998) on some green algae as fishery food production. However, very few preliminary investigations reported on the industrial pollution of this river (Al-Daham et al., 1981 and AlHandal, 1981) . Primary productivity found to be high (Hug et al., 1978) . AlAsadi (1977) worked on the effects of detergent on the growth of some planktonic green algae isolated from Shatt Al-Arab River and found that the detergent increases the algal growth.
Recent work was by Al-Shaheen (2002) on the physico-chemical characteristics of drinking water station at Basrah City. Also, Atte (2004) studied the heavy metals at Shatt Al-Arab River. The present study had two phases, the first aimed to study the nutrients content of Shatt Al-Arab River at the probably polluted regions (Al-Saad et al., 1996) . Since such work on nutrients has received little attention. The second phase is to determine the effect of these waters on the algal growth of Chlorella sp. Physico-chemical analysis was carried out for the collected water sample.
The Study Area
The Tigris and Euphrates Rivers join at their lower reaches forming Shatt AlArab River. This large estuary runs in a southeastern direction to open in the Arab Gulf. The water of its mouth may reach a distance of 5 km inside of the gulf. Shatt Al-Arab supplies about 5 × 10 9 m 3 nutrient rich fresh water into the basin each year (Hartman et al., 1971) . The length of Shatt Al-Arab River from Sinbad Island (Station III) to its mouth in the gulf reaches 139 km. Its width varies at different regions ranging from 0.4 km at Basrah to 1.5 km at its mouth. The water depth increases in general, towards the direction of the gulf varying from 7.5 m at Sinbad Island to 12.5 m at the mouth. The water level is affected by the high and low tides of the gulf. Hundreds outlets in the form of small rivers and canals are found on both sides of Shatt Al-Arab.
Seven stations were carefully selected along the Shatt Al-Arab River prior to the points of discharge and at distances from these points. The locations of these stations are given in Fig. 1 .
Materials and Methods

-Water Analysis
Three sampling times were carried out, for physical, chemical and biological analysis. First sampling was on 15 th January, the second on 18 th February and the third sampling was on 1 st April.
The pH values were measured by a Beckman pH-meter with an accuracy of ± 0.1. salinity and water temperature were determined by using an electric salinometer.
Chemical analysis of nitrite, nitrate, ammonium, silicate phosphate and sulfate had been carried out by DR/2 spectrophotometer, using the methods described by the American Public Health Association (1971).
-Isolation and Cultivation of Chlorella sp.
Chlorella sp., local strain, was isolated from Shatt Al-Arab River with the help of a phytoplankton net. Gross culture of algae had risen by cultivating the samples in Beyerinck liquid media (Stein, 1966) . Purification and synchronization had been carried out according to Taha & Allam (1959) . The filtrated water samples were autoclaved, and incubated with Chlorella sp. in sterilized, aerated and illuminated incubator. The dry weight and pH determination were carried out weekly. 
-Water Temperature
Maximum water temperature (21.2ºC) was recorded in April and minimum (11.3ºC) in January. They were, thus, subject to seasonal change of 9.9ºC. Arndt and Al-Saadi (1975) recorded a maximum water temperature of 32.5ºC in August and a minimum of 14.3ºC in January of 1973 at Shatt Al-Arab. Little differences were noticed among the different stations. This may be due to the difference in the sampling time.
Results and Discussion
-Water Analysis
Data on the water analysis of Shatt Al-Arab River during different times are shown in Figure 2 . Although little differences were observed in the three sampling periods, appreciable variation in both physical and chemical characteristics of the water were encountered between different stations. 
-Salinity
Salinity ranged from (1.3 to 2.1 g l -1 ). Values at lower regions of Shatt AlArab (Stations VI and VII) were higher than those of the upper regions (Stations I, II and III) these lower regions show gradual estuarine characteristics which are caused, more or less, by gulf water. These differences are mainly due to the seasonal variations of Shatt Al-Arab River water discharge and the tidal currents. In spite of the dilution with fresh water which comes from Tigris, Euphrates and Karun Rivers, the salinity of Shatt Al-Arab shows higher values even in the upper parts. These higher values might be attributed to the agricultural runoff and sewage waste disposal. Arndt and Al-Saadi (1975) stated that, this part of the river act as drainage for the irrigation of the agricultural fields nearby, where the soil has high salt content.
-Hydrogen Ion Concentration
The hydrogen ion concentration ranged from a low value of pH 7.2 to a high one of 9.1. Al-Saadi et al. (1996) found that the pH values of Shatt Al-Arab water ranged between 6.8 and 8.3. The higher values had been recorded at Stations VI and VII (Fig. 2) . The difference in the degree of pollution between these two stations and the others may be accounted for being nearer to the fertilizer plant where the amount of ammonia reached its maximum values. Despite the abnormal higher pH values (pH 9.0 and 9.1) recorded at Station VII , the pH values as recorded in the present investigation were well within the expected range of pH (6.5 to 8.5) in various kinds of natural unmodified waters (Lagler,1956 ).
-Inorganic Nitrogen
The ammonia contents of Shatt Al-Arab River showed a wide variation (Fig.  3) . They varied from a minimum of 0.39 mg NH 3 l -1 in February at Station I to 50.95 mg NH 3 l -1 in April at Station VII. Apart from the abnormal higher values recorded at Stations III, IV and VII, the most frequent values of ammonia contents varied from 0.39 to 2.32 mg NH 3 l -1 . Values recorded in April were found to be higher than those recorded in January and February. A very clear ascending trend was noticed in the summer months. The only explanation of this trend may be attributed to the lower temperature, which decreased the decomposition of matter to ammonia (Brezonik, 1972) or the acidic substances carried out by the rain water which may neutralize ammonia. On the other hand, Stanacke et al. (1999) worked on the Gulf of Riga, for a 6-year research programmed and showed that the river played a crucial role in the total input of nutrients of the Gulf. It exceeded the contributions from atmosphere, the combined emissions from cities and industries, and nitrogen fixation by organisms.
Station VII is characterized with higher ammonia contents even more than the nitrate contents. This was expected since it represents the nearest station to the fertilizer plant discharge, the abnormal values for ammonia accompanied by higher pH values which caused an increase in the proportion of the unionized form of ammonia. Salman and Al-Handal (1981) considered the ammonia wastes of fertilizer plant as one of the most important pollutants of Shatt AlArab River. The relatively higher values of ammonia recorded at upper Stations (IV and V) during April are attributed mainly to the introduction of sewage and the decomposition of organic nitrogen to ammonia which diffused in the overly- ing water as well as the absorption of ammonia from clay and sediments (Brezonik, 1972) . These stations are characterized by their higher amount of organic matter in the sediments which has been carried with the sewage, by many side branches of Shatt Al-Arab River (Al-Saad et al., 1996) 
-Nitrate
The nitrate contents varied between 5.41 mg l -1 at Station VII and 1.75 mg l -1 at Station IV. The variations in the nitrate contents among stations were not clear although comparatively higher values were still recorded at Stations VI and VII. This may be due to the fertilizer plant discharge, Verdain (1964) indicated this also. Similar results were detected by Al-Imarah et al., (2001) at the Shatt Al-Arab River during May and July 1998. The high values of nitrate at the other Stations (I, II and III) may be due to the sewage discharge, or the agriculture run off (Al-Saad et al., 1996) .
-Nitrite
It has been observed that the nitrite values increased sharply from the first station to the last one with few exceptions. This was accompanied by an increase in the amount of ammonia in these stations. The ascending trend in nitrite values can be attributed to the nitrification process of ammonia by the nitrifying bacteria. Bensal (1976) attributed the same reason for his results. All the above favorable conditions were observed at Stations V, VI and VII which represent the fertilizer plant discharge area.
-Sulfate
The maximum value of sulfate was recorded at Stations I and II. These values are a direct result of the paper industry wastes discharged (Salman and AlHandal, 1981) . Figure 3 showed clearly a gradual decrease in the amount of sulfate from Station I to Station VII. A minimum value of 25 mg l -1 was recorded at the last station on January. In this respect Bremmeng and Kolster (1976) attributed the decrease of sulfate to the biological uptake.
-Phosphate
The phosphate contents ranged from a maximum value of 2.90 mg l -1 at Station VII in May and a minimum of 0.09 mg l -1 at Station I during January and February. These values were found to be lower than those recorded by Antoine and Shihab (1977) at Shatt Al-Arab River. Al-Sahaf (1976) recorded a value of 0.1 mg l -1 for Shatt Al-Arab River at three different stations (Qurna, Basrah and Fao). Little differences were observed during the sampling period (Fig. 3) . The lower phosphate amount at most stations in Shatt Al-Arab River may be attributed to the dilution of phosphate on silts and clay particles. While the higher content at Station VII was mainly due to the agriculture runoff and sewage wastes disposal.
-Silicate
The highest value of silicate (10.35 mg l -1 ) was recorded at Stations IV and V during February. The amount of silicate in Shatt Al-Arab River decreased in the south eastern direction from Station I to VII. This may be attributed to the dilution of nutrient salts in a south eastern direction due to mixing of relatively nutrient enriched estuarine water with the gulf water. The lowest value of silicate was recorded at Stations III and IV which was found to be a result of special local conditions, such as the complete prevention of the release of silica from the sediment because of the covering of the diatom frustules. Antoine and Benson-Evans (1983) worked on the River Wye, Wales, UK and gave same explanation. High values of Stations I, II and V may be due to the process of vertical water mixing which occurs occasionally at these localities. The effect of the fertilizer plant wastes on the silicate contents was not clear, since no significant differences were observed between the values of Station VII and the other stations (Fig. 3) . Silicate in this region showed a gradual decrease in summer. This means that a high degree of preservation of diatom frustules in the sediments occurred in these places during summer months.
Therefore, the present work shows a positive correlation between the different industrial wastes, discharged on Shatt Al-Arab River, and the nutrients amount of its waters. Fertilizer plant wastes increased the ammonia contents at the discharge area while paper plant caused a sharp increase in the amount of sulfate.
-Algal Growth
Dry weight data of algal growth of Chlorella sp. incubated in filtered and purified water from different stations along Shatt Al-Arab River were shown in Figure 4 . It can be seen that the growth of Chlorella sp. in the water samples collected from Stations I and VII of the nearest to paper and fertilizer plant, was higher than that of the other stations. This may be due to the sewage discharged by these two plants.
However the differences between the growth of Chlorella sp. in the control and other water samples were not significant. So that, no clear idea can be taken from the data of algal growth. Jarvinen et al. (1999) found that increasing the amount of ammonia-N had no effect on primary productivity, also Karjalainen et al. (1998) stated that the available nitrogen did not increase chlorophyll a concentration in any experiments compared with the controls. This may also be due to the variation of the chemical components of the water samples. Accordingly, it can be concluded that the wastes of fertilizer and paper plants did not reach the amount favorable for the algal bloom of Chlorella sp. in Shatt Al-Arab River.
